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In radiation therapy heavy ion beams have advantages over an X-ray such as large 
energy deposition at the end of their path, the so-called Bragg peak and superior 
radiobiological properties.  We are developing new treatment methods based on proton 
therapy combined with other treatments.  Thus, proton therapy experiments using small 
animals provide a good place for exploring their therapeutic effects and side effects.  
When using mice or rats in which tumor cell lines are implanted, local dose control for the 
small target volume is needed.  In this report we will describe energy filter designs for an 
80-MeV proton beam provided from the wobbler system1) at CYRIC to generate spread-out 
Bragg peaks (SOBP) with narrow widths from 5 to 20 mm at 5-mm intervals. 
Figure 1 shows the energy filter which is composed of many PMMA bars.  A basic 
design of the energy filter was determined so that the SOBP could approximately be 
generated from several depth dose distributions of mono-energy beams.  After measuring 
a depth dose distribution generated with the energy filter, the basic design was modified to 
obtain the appropriate dose distribution. The designs of each PMMA bar for SOBPs with 5 
and 20 mm widths are represented in Fig. 2. 
Measured depth-dose distributions are shown in Fig. 3.  The uniformities of 5 – 
10% in the maximum dose region are larger than those of the designed SOBPs.  The actual 
dose distribution depends on some beam profiles which are not included in the basic design, 
such as scattering effects due to the filter and other devices, the annual profile of the 
wobbled beam.  In order to improve the uniformity (< 5%), the energy filter designs will 
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be modified in a series of the experiments. 
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Figure 1.  Photograph of the energy filter. 
 
 
 
 
Figure 2.  Cross sectional shapes of energy filters and the designed SOBPs. 
 
 
 
 
Figure 3.  Measured depth-dose distributions in PMMA generated with the energy filters.  Depth in PMMA 
